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Survey of Experimental Data of Thermophysical
Properties for Difluoromethane (HFC-32)1

O. Sifner2

A survey of experimental data for HFC-32 was prepared at the Inst i tute of
Thermomechanics in connection with planned experiments. In tabular form,
surveys of thermodynamic, transport, and other property measurements, includ-
ing prT behavior, second virial coefficient, vapor pressure, saturation densities,
critical parameters, heat capacities, speed of sound, thermal conductivity,
viscosity, surface tension, refractive index, dielectric constant, and dipole
moment, are presented. Tables include au thor )s ) name(s), reference, year of
publication, ranges of measurements, number of points, stated uncertainty,
sample purity, and experimental method.

1. INTRODUCTION

In connection with planned experiments, we have prepared a critical bibli-
ography of experimental data and property equations for 13 thermophysi-
cal properties of difluoromethane, which is based on 134 literature sources
published to the end of 1997. HFC-32 is an alternative refrigerant with
application at low temperatures. Its mixtures with other refrigerants such
as HFC-134a, HFC-125, HFC-152a, and HFC-143a are considered to be
the most promising alternatives for HCFC-22 and the azeotropic mixture
R-502.

1 Paper presented at the Thirteenth Symposium on Thermophysical Properties, June 22 27,
1997, Boulder, Colorado, U.S.A.

2 Institute of Thermomechanics, Thermodynamic Laboratory, Dolejskova 5, CZ 182 00
Praha, Czech Republic.
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thermal conductivity; vapor pressure; viscosity.
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2. DATA SURVEY

Summaries of experimental measurements are presented in tabular
form. (See Tables I to XIII . ) In this section is presented additional informa-
tion not included in survey tables. Authors usually also give correlation
equations of the studied property comprising their own data only or a set
of selected measurements and comparisons. More information on correla-
tion expressions, comparisons, and available equations of state are given in
Ref. 1.

Measurement techniques for vapor pressure comprised a wide range of
methods depending on the pressure range. Most methods for the measure-
ments in the low-pressure region, approximately below 200 kPa, are time-
consuming and relatively inaccurate. Recently, three estimation procedures
appeared in the literature which make it possible to extrapolate vapor
pressure from the normal boiling temperature down to the triple point.
They are applied by Luddecke and Magee [17] using heat capacity mea-
surements, by Tillner-Roth [33] employing a nonlinear regression analysis
based on the Clausius-Clapeyron equation and a simple relation of the
enthalpy of vaporization, and, finally, by Duatre-Garza and Magee [34]
based on the measured internal energy changes.

The triple-point temperature and enthalpy of fusion were measured by
Luddecke and Magee [17] on three samples: Ttp = 136.34 + 0.03 K and

Table II. Second Virial Coefficients of HFC-32

Author(s)

Dymond and Smith

Weber and Goodwin
Qian et al.
Bignell and Dunlop
Sato et al.
Hozumi et al.
Defibaugh et al.

Zhang et al.
Sun et al.
Yokozeki et al.

Ref.

19

21
7

78
5

22
8

23
48
24

Year

1980

1993
1993
1993
1994
1994
1994

1995
1997
1997

Temperature
range (K)

289-349
273-323
200-250
290-370
290-310
340-420
273-340
373.14

(268-373)
290-370
273-333
180-550

Uncertainty (%)

<10
<10
2-5
—

±2 c m 3 - m o l - 1

1
( 1 )

<4
—
0.1

Method"

1
1
2
3

4
5
3
2
6
2
7

aMethods: (1) from compressibility data by Fogg et al. [20] and Malbrunot et al. [2];
(2) estimated/calculated; (3) from graphical analysis of isotherms (z — 1) p vs. p; (4) by fitting
truncated virial equation of state; (5) from low pressure speed-of-sound measurements;
(6) improved analysis of Burnett measurement; (7) analysis applying Stockmayer potential.



1656 Sifner



Survey of Data for HFC-32 1657



1658 Sifner



Survey of Data for HFC-32 1659



1660 Sifner



Survey of Data for HFC-32 1661



1662 Sifner



Survey of Data for HFC-32

Table X. Surface Tension Measurements of HFC-32

Author(s)

Okada and Higashi

Schmidt and Moldover
Zhu and Lu

Year

1994
1994
1994

Ref.

71
41
72

Temperature

range (K)

273-333

297-350
268-334

No. of
points

13
10
13

Uncertainty

(mN.m 1)

±0.2
(±0.15)

—

Sample purity
(mass%)

99.98

99.9
99.95

Method"

DCRM

DCRM
DCRM

a DCRM, differential capillary-rise method.

Table XI. Refractive Index of HFC-32

Author(s)

Schmidt and Moldover

Yata et al.

Year Ref.

1994 41

1996 42

Temperature

range (K)

296- Tc

313-Tc

No. of Wavelength
State points (nm|

Sat. liq 14
Sat. vap 14
Sat. liq 28
Sat. vap 28

633

545

Sample purity
(mass %)

99.9

99.5

nc.

1.0828

1.0854

1663

Table XII. Dielectric Constant of HFC-32

Author(s)

Tremaine and Robinson

Meyer and Morrison
Nieto de Castro et al.

Year

1973

1991

1995

Ref.

73
74
75

Phase

Sat. liq

Gas
Liq

Temperature
range (K)

152-224

308-411

208-303

Pressure
range (MPa)

Ps

0-0.45
2-17

No. of
points

8
54

165

Uncertainty

(%)

±0.8

n.a.

0.1

a All measured with capacitance cells.

Table XIII. Dipole Moment of HFC-32

Author(s)

Lide
Kawaguchi and Tanaka
Meyer and Morrison

Year

1951
1977
1991

Ref.

76
77
74

Method

From Stark effect measurements
From analysis of Stark spectrum
Calculated from dielectric measurements

u ( D )

1.96 ± 0.02
1.9785 ±0.0021
1.978 ± 0.007



zHv a p = 4356 + 130 k J - m o - 1 . The triple-point pressure was estimated by
Tillner-Roth to be 50.70 ±0.14 Pa [33], while that calculated from the
equation of state by Outcalt and McLinden [35] is 46.9 Pa. This value is
in good agreement with the value of 46.5 Pa recently evaluated by Duarte-
Garza and Magee [34] using the internal energy method.

A small difference exists in the critical parameters used in equations of
state derived by Japanese and U.S. researchers:

Japan
U.S.A.

Tc(K)

351.255
351.35

PC (MPa)

5.780
5.795

pc(kg.m
-3)

424
427

The low-pressure speed-of-sound data were used to derive the second
acoustic virial coefficients, ideal-gas heat capacities, and the second virial
coefficients. Discrepancies among various sets of thermal conductivity
indicate that the quoted uncertainties are overestimated. There is a suspi-
cion that not all measurements of thermal conductivity were published
until recently since the mutual discrepancies exceeded the stated accuracy.
Large discrepancies observed in the measured liquid viscosities are
attributed mostly to the impurities in the samples, the electrolyte effect, and
the incapability of instruments to be calibrated with water.
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